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INTRODUCTION 
* GRAIN storage facility may 
A represent one of the largest single 
investments made by a farmer. An 
incorrect design may prove costly 
because comparable systems often 
differ in purchase price by several 
thousand dollars. Another considera-
tion is that the least cost facility 
relative to initial investment may have 
the greatest annual expense. Farmers 
who are about to purchase and/or 
construct a grain storage facility often 
seek economic and engineering 
information from neighbors, builders 
and equipment dealers. The informa-
tion they receive is, for the most part, 
qualitative in nature based on the past 
experiences of the individuals con-
sulted. The design engineer may be in 
an excellent position to give sound 
quantitative information. However, 
the large number of variables that 
should be considered when designing 
a grain facility usually makes com-
parison of several different systems 
impractical. To provide a detailed 
design and cost analysis for several 
modifications of comparative storage 
systems usually exceeds the time 
allotted by engineers or contractors for 
that purpose. Yet, the producer needs 
accurate detailed data when making a 
large and important investment. To 
meet the needs of the farmer, and to 
assist the contractor, equipment 
dealer and engineer in their planning, 
the computer design simulation 
BNDZN was developed. 
PROGRAM INFORMATION 
BNDZN (pronounced "Bin 
Article was reviewed and approved for 
publication by the Electric Power and Proc-
essing Division of ASAE. Presented as ASAE 
Paper No. 74-5040. 
Paper is published with the approval of the 
Director of the Kentucky Agricultural Experi-
ment Station and designated Paper No. 74-2-80 
The authors are: O. J. LOEWER, JR. 
Assistant Extension Professor, T. C 
BRIDGES, Research Specialist, and D. G 
OVERHULTS, Extension Agricultural Engi 
neer, Agricultural Engineering Dept., Uni 
versity of Kentucky, Lexington. 
Design") was developed primarily for 
the design of new facilities using a 
centralized layout. However, other bin 
arrangements and older facilities for 
which expansion is planned may also 
be evaluated by the program. 
The program output may be divided 
into both design and economic 
information. Input and output data 
are arranged so that interested parties 
can readily examine and compare 
each design and economic factor 
related to the system. Alternate plans 
may be compared by making addi-
tional runs of the program. BNDZN 
allows the designer to concentrate on 
system concepts rather than mathe-
matical computations and, in effect, 
convert the specifications of the 
engineer into a form suitable for his 
client with a minimum of time and 
expense. 
To put the size and scope of the 
program into perspective, there are 
more than 200 inputs related to 
facility design and approximately 500 
economic inputs. Each of these may 
be specified by the designer, using 
either a value he chooses or a default 
value established within the program. 
The only parameter that must be 
specified is the design capacity of the 
TABLE 1. ROUTINES USED IN BNDZN 
Name Purpose 
Subrout ines 
1. OURBN 
2. YOURBN 
3. LOCATE 
4. AERATE 
5. L A Y E R D 
6. BATCHD 
7. PORTD 
8. WET 
9. LAYER 
10. BATCH 
1 1 . P O R T D R 
12. BUCKET 
13 . DOWNSP 
14. PIT 
15. PAUGER 
16. UAUGER 
17. R O F F A 
18. ELECMO 
19. ECON 
20. PSYCH (Payne, 
et al. 1972) 
Func t ions 
Sizes each storage bin relative to capacity and per t inent dimensions. 
Determines the capacity and dimensions of facilities which have 
irregularly spaced bins of different sizes. 
Assigns a coordinate locat ion for each bin and determine the lengths 
of unloading augers. 
Determines the aerat ion requi rements for each bin. 
Establishes the equ ipment requi rements for layer drying. 
Establishes the equ ipment requi rements for batch-in-bin drying. 
Establishes the equ ipment requi rements for portable drying. 
Sizes and locates the wet holding bin. 
Determines the bucket elevator discharge height for layer drying. 
Determines the bucket elevator discharge height for batch-in-bin 
drying. 
Determines the bucke t elevator discharge height for por table dryers. 
Specifies the bucket elevator design requi rements . 
Calculates the downspout ing requi rements . 
Specifies the pit design parameters . 
Sizes 8-in. U-trough augers. 
Sizes 6-in. tube augers. 
Designs overhead (roof) augers. 
Establishes commercial ly available electric m o t o r s from calculated 
power requi rements . 
Determines a bill of materials, est imates energy consumpt ion , 
establishes purchase and annual costs. 
Psychrometr ic chart rout ine used in rout ines involving drying 
requirements . 
1. TABEX (Llewellyn) Used for linear in terpola t ion. 
2. TABEXE (Llewellyn) Used for linear in terpola t ion. 
3. PS Used with PSYCH. 
4. H F G Used with PSYCH. 
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FIG. 2 Area locations used in BNDZN. 
FIG. 1 Coordinate system used in BNDZN. 
facility. There are 20 subroutines and 
4 functions which do the design 
computations. Table 1 has a listing of 
these routines and the general purpose 
of each. The main body of the 
program reads the specifications of 
the designer and refers required 
calculations to the appropriate sub-
routine or function. These calcula-
tions are then returned to the main 
body where they are formulated into 
output data. 
BASIC LAYOUT CONCEPT 
The basic concept used by BNDZN 
in the location of storage and handling 
equipment involves the utilization of 
an X-Y-Z coordinate system (Fig. 1). 
The center of this coordinate system 
serves as the reference point for 
locating bin centers and the charge 
and discharge points for grain han-
dling equipment. This reference point 
may be located anywhere on the grid 
system, but the most convenient 
location is usually in the middle of the 
center building. By knowing the 
X-Y-Z coordinate for all charge and 
discharge points, one can determine 
the lengths of augers and down-
spouting in addition to the discharge 
height of the bucket elevator. The 
coordinates also allow easy location of 
bins and handling equipment when 
drawing sketches and plans for 
construction. 
The space reserved for the location 
of the grain facility is divided into six 
areas plus the section for the center 
building (Fig. 2). Although there are 
no fixed dimensions for the areas, 
their relative locations remain 
constant. For example, the size and 
type of facility will regulate the space 
requirements of Area 1, but BNDZN 
assumes that Area 1 will always be 
located in the first quandrant of the 
coordinate system. The designer speci-
fies the number of bins to be 
constructed and the area locations for 
each. Only one storage bin may be 
assigned to an area, thereby limiting 
the total number of bins in a single 
design to six (Fig. 3). 
OUTPUT 
To illustrate the types of informa-
tion given by BNDZN, the following 
discussion will review each of the 
major output sections to include a 
brief critique of major input and 
output design parameters. 
Clientele and Designer (Fig. 4) 
Preliminary information consists of 
identifying the individual for whom 
the facility is designed and the design 
engineer. This allows quick identi-
fication of a program and insures the 
client that he is getting personalized 
attention. 
Bin Description (Fig. 5) 
The initial design information 
presented by BNDZN states the 
capacity of the facility based on the 
parameters specified by the designer. 
Should the facility have insufficient 
capacity, owing to other design 
constraints, a message to that effect 
will be printed. The stated capacity is 
based on filling to the bin eave height 
with no allowance made for com-
paction. 
The "BIN AREA LOCATION" 
refers to the six areas in which bins 
may be constructed. The "LOCA-
TION INDEX" specifies in which of 
the six areas a bin will actually be 
placed. The "X" and "Y" locations of 
the bin centers are in reference to the 
center of the X-Y-Z coordinate 
system. 
The "PERFORATED FLOOR 
HEIGHT" and the "FOUNDATION 
RING HEIGHT" are specified by the 
designer. A height of zero in the data 
column indicates that the bin will not 
have that item. 
The "BIN DIAMETER," "BIN 
EAVE HEIGHT," "BIN OVERALL 
HEIGHT," "BIN CAPACITY," 
"ELEVATION OF BIN FOUNDA-
TION," and "BIN ROOF HEIGHT," 
are determined by BNDZN using 
given data inputs. The "RESERVED 
LOCATION" refers to an area 
designated as being reserved for 
purposes other than the location of a 
grain bin. An example would be a 
building located in Areas 1 and 4 such 
that construction would be restricted 
to the remaining four areas. The 
designer has the option of specifying a 
sweep auger for a bin, from which a 
"SWEEP AUGER HORSEPOWER" 
will be determined, and he may also 
choose to install a grain spreader. 
*************************************** 
*************************************** 
THIS FACILITY WAS DESIGNED FOR 
OTTO L0EWER,JR. 
LEXINGTON,KY. 
606-266-1261 
THE DESIGN ENGINEER WAS 
OTTO J. LOEWER, JR. 
AG ENGR OEPT, U OF KENTUCKY 
606-258-4955 
*************************************** 
*************************************** 
FIG. 3 Schematic view of BNDZN. FIG. 4 
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***************************************************************** 
THE TOTAL CAPACITY FOR THIS FACILITY IS 43376 BUSHELS. 
OTHER INFORMATION IS SHOWN IN THE TABLES BELOW. 
BIN AREA 
LOCATION 
LOCATION 
INDEX* 
1.0 
1.0 
1 .0 
1.0 
BIN AREA 
LOCATION 
1 
2 
3 
4 
5 
6 
BIN AREA 
LOCATION 
PERFORATED 
FLOOR HEIGHT 
BIN 
1.3 
0.0 
0.0 
0.0 
0.0 
0.0 
EAVE 
HEIGHT* 
BIN AREA 
LOCATION 
RESERVED 
LOCATION** 
BIN AREA 
LOCATION 
SWEEP 
AUGER* 
1.0 
1.0 
1.0 
1.0 
LOCATION OF* 
BIN CENTERS** 
(X-COORDINATE) 
26.5 
-26.5 
-26.5 
26.5 
-55.5 
-55.5 
FOUNDATION 
RING HEIGHT* 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
BIN OVERALL 
HEIGHT* 
23.8 
23.8 
23.8 
23.8 
23.8 
23.8 
ELEVATION OF 
BIN FOUNDATION** 
(Z-COORDINATE) 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
SWEEP AUGER 
HORSEPOWER* 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
LOCATION OF* 
BIN CENTERS* 
(Y-COORDINATE) 
20.5 
15.5 
-15.5 
-20.5 
15.5 
-15.5 
BIN 
DIAMETER* 
27. 
27. 
27. 
27. 
27. 
27. 
BIN CAPACITY 
(BUSHELS) 
6733. 
7329. 
7329. 
7329. 
7329. 
7329. 
BIN ROOF 
HEIGHT 
23.8 
23.8 
23.8 
23.8 
23.8 
23.8 
GRAIN 
SPREADER* 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
* A POSITIVE VALUE INDICATES THAT AN ITEM WILL BE CONSTRUCTED, 
INSTALLED, OR LOCATED. ZERO INDICATES THE ABSENCE OF THAT ITEM. 
** REFERENCED FROM THE CENTER POINT BASED ON A STANDARD X-Y 
COORDINATE SYSTEM. 
*** A POSITIVE VALUE INDICATES THAT THIS SPACE WILL BE RESERVED. 
UNDER THIS DESIGN, THE MINIMUM AND MAXIMUM ALLOWABLE BIN DIAMETERS 
WERE 15 AND 48, RESPECTIVELY WHILE THE MAXIMUM NUMBER OF RINGS ALLOWED 
WAS 6, EACH BEING 2.7 HIGH. 
THE SLOPE OF THE BIN ROOF WAS 30.0 DEGREES. 
THE X-DIRECTION DISTANCES FROM THE CENTER OF THE COORDINATE SYSTEM 
TO THE BUILDING WALL IN THE DIRECTION OF BINS 1, 2, 3, ANO 4 ARE 11.0, 
11.0, 11.0, ANO 11.0. THE X-DIRECTION DISTANCES BETWEEN THE BUILDING WALL 
AND BINS 1, 2, 3, ANO 4 ARE 2.0, 2.0, 2.0, ANO 2.0. THE Y-DIRECTION 
DISTANCES FROM THE CENTER OF THE COORDINATE SYSTEM TO THE EDGE OF BINS 
1, 2, 3, 4, 5, AND 6 ARE 7.0, 2.0, 2.0, 7.0, 2.0, AND 2.0 WHILE THE X-
DIRECTION DISTANCES BETWEEN BINS 2 AND 5 AND BINS 3 AND 6 ARE 2.0, 2.0. 
(ALL DISTANCES IN FEET.") A CONCRETE DEPTH OF 6.0 INCHES WAS ASSUMED. 
*««r***************** ******************4<*********4>*****4t**«********4>** 
BIN AREA 
LOCATION 
1 
2 
3 
4 
5 
6 
BIN AREA 
LOCATION 
1 
2 
3 
4 
5 
BIN AREA 
LOCATION 
1 
2 
3 
A POSITIVE VALUE INDICATES THAT AN ITEM WILL BE CONSTRUCTED, 
INSTALLED, OR LOCATEO. ZERO INOICATES THE ABSENCE OF THAT I 
THE PERCENT EFFICIENCY ASSUMED FOR AERATION MAS 20.0. 
FIG. 6 Aeration requirements. 
LOCATION 
INDEX* 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
DEPTH OF 
GRAIN* 
16.0 
16.0 
16.0 
16.0 
16.0 
16.0 
HUMIDISTAT* 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
CFM PER 
BUSHEL* 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
STATIC PRESSURE 
(IN. WATERJ* 
0.156 
0.156 
0.156 
0.156 
0.156 
0.156 
THERMOSTAT* 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
TOTAL 
CFM* 
733. 
733. 
733. 
733. 
733. 
733. 
APPROXIMATE 
HORSEPOWER* 
0.09 
0.09 
0.09 
0.09 
0.09 
0.09 
SHEDDS DATA 
MULTIPLIER 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
the 'TOTAL CFM," "DEPTH OF 
GRAIN," "STATIC PRESSURE," 
and "APPROXIMATE HORSE-
POWER" are determined. All fan 
horsepowers calculated in BNDZN are 
based on the relationship: 
Fan Horsepower = 
cfm x static pressure in inches of water 
6356 x fan efficiency 
************************************************ *************** 
FOR THE DESIGN OF THE LAYER DRYING SYSTEM SHOWN BELOW, IT WAS 
ASSUMED THAT THE MOISTURE CONTENT OF THE INCOMING GRAIN WAS 26.0 
PERCENT AND THAT THIS GRAIN WOULD BE DRIED TO 13.0 BEFORE ANY ADDITIONAL 
GRAIN WOULD BE ADDED TO THE BIN. THE AVERAGE OUTSIDE TEMPERATURE AND 
RELATIVE HUMIDITY WOULD BE 60.0 DEGREES AND 65.0 PERCENT RESPECTIVELY 
WITH THE TEMPERATURE OF THE DRYING AIR BEING 80.0 DEGREES. THE 
EFFICIENCY OF THE LAYER DRYING METHOD IS ASSUMED TO BE 75.0 PERCENT 
WHILE THAT OF THE DRYING FAN IS 45.0 PERCENT. BECAUSE THE GRAIN ON THE 
TOP LAYER MUST DRY BEFORE ADDITIONAL GRAIN IS ADDED, THE UPPER LAYER 
MUST BE DRY 18.0 HOURS AFTER IT IS PLACED IN THE BIN. 
FIG. 5 Bin description. 
Following the tabular data for bin 
descriptions are the assumptions for 
layout of the facility as given by the 
designer. This includes data relative to 
bin sizing, and the location of each bin 
relative to the reference point of the 
coordinate system. In addition, the 
relative location of the center building 
is stated. 
Aeration Requirements (Fig. 6) 
The design information required for 
each bin includes the "CFM PER 
BUSHEL" and "SHEDD'S DATA 
MULTIPLIER" (used to determine 
static pressure). From this data and 
design values calculated previously, 
BIN AREA 
LOCATION 
1 
2 
3 
4 
5 
6 
BIN AREA 
LOCATION 
1 
2 
3 
4 
5 
6 
BIN AREA 
LOCATION 
1 
2 
3 
4 
5 
6 
LOCATION 
INDEX 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
TOTAL BIN 
CAPACITY 
(BUSHELS) 
6733. 
6733. 
6733. 
6733. 
6733. 
6733. 
LAYER DRYING 
DESIGN DATA 
DRYING RATE 
(BU/DAY) 
500. 
500. 
500. 
500. 
500. 
500. 
TOTAL VOLUME 
AIR (CFM) 
15831. 
15831. 
15831. 
15831. 
15831. 
15831. 
MAXIMUM STATIC FAN 
PRESSURE 
6.888 
6.888 
6.888 
6.888 
6.888 
6.888 
HORSEPOWER 
38.1 
38.1 
38.1 
38.1 
38.1 
38.1 
DRYING RATE 
(FT/DAY) 
1.1 
1.1 
1.1 
1.1 
1.1 
1.1 
CFM PER BU OF 
UNORIED GRAIN 
31.66 
31.66 
31.66 
31.66 
31.66 
31.66 
HEATER SIZE 
BTU/HR 
348577. 
348577. 
348577. 
348577. 
348577. 
348577. 
FIG. 7 Drying technique. 
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m^ltt**************** **************************************** 
************* ********* *********** 
CONDITIONS F 
SYSTEM ARE THAT 
THE BIN AT 26.0 
TO 13.0 PERCENT 
DRYING BIN WILL 
FEET OF AIR PER 
THE GRAIN,OUTSI 
HUMIDITY WILL B 
RESPECTIVELY,TH 
BE 140.0 DEGREE 
OVERALL DRYER E 
AND 75.0 PERCE 
OR THE BATCH-IN-BIN DRYING 
GRAIN WILL BE BROUGHT INTO 
PERCENT MOISTURE AND DRIED 
,THE HEIGHT OF GRAIN IN THE 
BE 4.8 FEET, 10.86 CUBIC 
BUSHEL WILL BE APPLIED TO 
DE AIR TEMPERATURE AND RELATIVE 
E 60.0 DEGREES AND 65.0 PERCENT 
E HEATED AIR TEMPERATURE WILL 
S AND THE FAN EFFICIENCY A,ND 
FFICIENCY WILL BE 45.0 PERCENT 
NT RESPECTIVELY. 
UNDER THESE CONDITIONS, 2200. BUSHELS MAY 
BE DRIED IN APPROXIMATELY 16.0 HOURS WITH A 
COOLING TIME OF 2.1 HOURS,A FAN HORSEPOWER 
OF 34.52 AND AIR OUTPUT(CFM) OF 23898. 
AT A STATIC PRESSURE(INCHES OF WATER) OF 4.13, 
AND A HEATER BTU/HOUR RATING OF 2103028. 
FOR THE DESIGN OF A PORTABLE OPYING SYSTEM, IT WAS ASSUMED THAT THE 
MOISTURE CONTENT OF THE INCOMING GRAIN WAS 26.0 PERCENT AND THAT THIS 
GRAIN WOULD BE DRIED TO 13.0 PERCENT. THE AVERAGE OUTSIDE TEMPERATURE 
AND RELATIVE HUMIDITY WOULD BE 60.0 DEGREES AND 65.0 PERCENT RESPEC-
TIVELY WITH THE TEMPERATURE OF THE DRYING AIR BEING 200.0 DEGREES. 
THE CAPACITY OF THE PORTABLE DRYER WILL BE 200. BUSHELS PER HOUR OR 
2400. BUSHELS PER DAY BASED ON AN AVERAGE WORKING DAY OF 12.0 HOURS. 
THIS UNIT WILL REQUIRE 4500431. BTU PER HOUR OF OPERATION. 
A WET HOLDING BIN WITH A CAPACITY OF 
812. BUSHELS AND AN OVERALL HEIGHT OF 42.7 FEET 
WILL BE USED IN CONJUNCTION WITH THE PORTABLE 
DRYER. A CLEARANCE OF 17.0 FEET WILL BE 
ALLOWED BETWEEN THE GROUND AND THE DISCHARGE 
SPOUT OF THE WET HOLDING BIN. THE BIN DIAMETER 
WILL BE 9.0 FEET AND THE HEIGHT WILL CONTAIN 5.0 
TIERS, EACH BEING 2.667 FEET HIGH. FOR OTHER 
DESIGN DATA, SEE TABLE BELOW. 
WET HOLDING BIN 
DISTANCE FROM THE DISTANCE TO THE 
CENTER POINT BUCKET ELEVATOR 
BIN 1.0 WILL BE THE DRYING BIN WHILE BIN 
4.0 WILL BE USED TO STORE EXCESS WET GRAIN. THE NUMBER OF 
BUSHELS FOR 1, 2, 3, AND 4 FT. OF DEPTH IN THE DRYING 
BIN IS 458.0, 916.1, 1374.1, AND 1832.2 RESPECTIVELY. 
ASSUMING THAT 1000.0 BUSHELS CAN BE UNLOADED PER 
HOUR, AND THAT 2200.0 OF BUSHELS OF GRAIN ARE TO BE REMOVED 
FROM THE BIN, THE UNLOADING TIME WILL BE 2.2 HOURS. 
A COOLING EFFICIENCY OF 90.0 PERCENT WAS ASSUMED. 
FIG. 8 Drying technique. 
TO DETERMINE THE SIZE OF THE WET HOLDING BIN THE FOLLOWING PARAMETERS 
WERE USED: DRYING RATE, 200. BU/HR; LARGEST DELIVERY VEHICLE, 350. BU; 
DESIGN MULTIPLICATION FACTOR, 2.; AND MINIMUM ALLOWED SIZE, 0. BU. 
THE X-DIRECTION DISTANCES FROM THE CENTER OF THE COORDINATE SYSTEM TO 
THE BUILDING WALL AND FROM THE BUILDING WALL TO THE EOGE OF THE WET 
HOLDING BIN ARE 11.0 AND 2.0. THE Y-DIRECTION DISTANCE FROM THE 
COORDINATE CENTER TO THE WET HOLDING BIN IS 0.0. 
BIN 1.0 WILL BE USED TO STORE EXCESS WET GRAIN AND THE EFFICIENCY 
OF THE PORTABLE DRYER IS ASSUMED TO BE 50. PERCENT. 
where cfm = total fan output in cubic 
feet per minute (Loewer et al. 1973). 
Drying Technique (Figs. 7, 8, and 9) 
The basic design inputs for this 
section include the moisture content of 
the grain before and after drying and 
the estimated average temperature 
and relative humidity during the 
drying period. The designer may select 
layer, batch-in-bin, continuous flow or 
portable batch drying. For any drying 
method selected, the input data 
includes drying rates, temperatures, 
efficiencies, and times. If layer drying 
is selected, the input data is used to 
determine the "DRYING RATE," 
"TOTAL VOLUME AIR," "CFM 
PER BU OF UNDRIED GRAIN," 
"MAXIMUM STATIC PRESSURE," 
"FAN HORSEPOWER," and HEAT-
ER SIZE" (Fig. 7). Batch-in-Bin 
output data includes fan horsepower, 
air output, static pressure, unloading 
time, cooling time, and heater size 
information (Fig. 8). The output for 
portable dryers consists of heater size 
determination and the sizing and 
A CONTINUOUS DRYER WILL B( 
100.0 BU. 
USED WITH A SURGE BIN THAT CONTAINS 
location of the wet holding bin (Fig. 
9). 
Pit Requirements (Fig. 10) 
The designer specifies the length, 
FIG. 9 Drying technique. 
width, and capacity of the pit and 
whether he wishes to use auger or 
gravity flow unloading. The structures 
of both types of pits may be divided 
into rectangular and triangular sec-
RECTANGULAR 
SECTION 
TRIANGULAR 
SECTION 
*********! ******** *******************! **************** 
THE PIT WILL BE 10.0 FEET LONG AND 6.0 FEET WIDE WITH A CAPACITY OF 
200. BUSHELS. THE RECTANGULAR AND TRIANGULAR DEPTHS WILL BE 2.7 AND 
3.0 FEET RESPECTIVELY GIVING A TOTAL DEPTH OF 5.7 FEET. THE PIT WILL 
REQUIRE AN UNLOADING AUGER. 
THE CONVEYOR FOR THE PIT WILL BE AN 8-INCH U-TROUGH AUGER WITH DESIGN 
SPECIFICATIONS OF 2.9 HP AND 267. RPM BASED ON A PIT AUGER LENGTH OF 
14.0 FEET AND AN UNLOADING RATE OF 2500. BU/HR. 
THE "X" AND «Y" COORDINATE CHARGE POINTS FROM BINS 2, 3t 5, OR 6 
ARE -10.0 AND 0.0. 
RECTANGULAR 
SECTION 
TRIANGULAR 
SECTION 
FIG. 10 Pit requirements. 
GRAVITY FLOW TYPE PIT 
FIG. 11 Types of pits designed by BNDZN. 
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************************************************************************ 
IF LAYER DRYING IS TO BE USED, THE BUCKET ELEVATOR 
DISCHARGE HEIGHT ABOVE THE GROUND WILL BE 61.i FEET. 
THE FRONT (UPWARD BUCKET MOVEMENT) CHARGE PGINT IN X AND Y 
COORDINATES ARE 4. AND 0. FEET RESPECTIVELY. THE REAR (DOWNWARD 
BUCKET MOVEMENT) CHARGE POINT IN X AND Y COORDINATES ARE 4. AND 6.. 
THE BUCKET ELEVATOR WILL BE CHARGED FROM THE FRONT ONLY. 
BUCKET ELEVATOR DESIGNS AND DIMENSIONS VARY GREATLY. HOWEVER, FOR 
USE AS A GUIDE THE FOLLOWING APPROXIMATIONS ARE GIVEN FOR A BUCKET 
ELEVATOR CAPACITY OF 2500. BUSHELS PER HOUR. OESIGN PARAMETERS INCLUDED 
ARE THAT THERE WONT BE A CLEANER ATTACHED TO THE LEG (CLEANER LENGTH = 
0. FEET), DISTRIBUTOR LENGTH WILL BE 4. FEET, THE DISCHARGE HEIGHT 
WILL BE 61.1 FEET, THE LEG WILL EXTEND 7.1 FEET BELOW THE GROUNO 
SURFACE, THE DRIVE PULLEY RADIUS WILL BE 15.0 IN., THE DRIVEN PULLEY 
RADIUS WILL BE 15.0 INCHES, THE MOTOR EFFICIENCY FOR THE LEG WILL BE 
80.0 PERCENT AND EACH CUP WILL HAVE A VOLUME OF 213.0 CUBIC INCHES, A 
PROJECTION FROM THE BELT OF 6.5 INCHES, AND A LOADING EFFICIENCY OF 
90.0 PERCENT. 
USING THE ABOVE CRITERIA FOR DESIGN, THE DISTANCES BETWEEN THE 
PULLEY CENTERS WILL BE 70.8 FEET, THE HEIGHT OF THE LEG INCLUDING THE 
PULLEYS WILL BE 73.3 FEET AND 6. HP. WILL BE REQUIRED. 
THE BUCKET ELEVATOR WILL REQUIRE A 149.4 FT. LONG BELT WITH 203. 
CUPS SPACED EVERY 8.8 INCHES, EACH CONTAINING 5.0 POUNDS OF GRAIN. 
THE DRIVE PULLEY RPM IS 43.94 WHICH PROPELS THE BELT AT 345. FEET 
PER MINUTE OR 2.31 ROUNDS PER MINUTE. EACH COMPLETE ROUND OF THE 
BELT CONVEYS 18. BUSHELS. 
FIG. 12 Bucket elevator requirements. 
****************************************************** 
THE DOWNSPOUTING REQUIRED FOR THIS 
ARRANGEMENT IS SHOWN IN THE TABLE BELOW. 
BIN AREA LOCATION APPROXIMATE 
LOCATION INDEX* LENGTH OF 
DOWNSPOUTING** 
************ 
I 
2 
3 
4 
5 
6 
WET 
HOLDING 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
0. 
45.9 
49.1 
52.8 
51.0 
0.0 
0.0 
0.0 
* ONE INDICATES A BIN IS LOCATED IN THE AREA WHILE A ZERO HAS THE 
OPPOSITE MEANING. 
** A POSITIVE VALUE INDICATES DOWNSPOUTING TO THE BIN LOCATED IN 
THAT AREA WHILE A ZERO HAS THE OPPOSITE MEANING. 
THE DIAMETER OF THE DOWNSPOUTING REQUIRED FOR THIS 
SYSTEM IS 8.0 INCHES. 
THE MINIMUM ANGLES FOR WET AND DRY GRAIN WERE 45.0 AND 37.0 DEGREES. 
FIG. 
tions (Fig. 11). The bottom section 
will be triangular to allow unrestricted 
flow of grain to the bottom of the pit. 
However, if the desired capacity of the 
pit cannot be obtained with the 
triangular section, a rectangular 
section of sufficient depth will be 
added. A minimum side slope of 45 
deg is assumed. For pits unloaded by 
augers, the unloading rates must be 
given. The unloading rate need not be 
specified for pits emptied by gravity 
flow. Output data concerning the 
dump pit includes the design criteria, 
the heights of the triangular and 
rectangular sections, and for a pit 
unloading by an auger, the required 
horsepower and RPM. All horsepower 
and RPM calculations are based on 
linear interpolation of tabular capac-
ity and rate data (Kentucky Agricul-
tural Engineering Handbook 1966). 
Bucket Elevator Requirements 
(Fig. 12) 
Input data consists of capacity and 
many physical parameters of the 
bucket elevator. Output data specifies 
the discharge height of the elevator leg 
above the ground and data relative to 
horsepower, bucket spacing, belt 
speed, capacity, and overall height. 
Downspouting Requirements (Fig. 13) 
From the X-Y-Z coordinates of the 
top of the bin and the discharge point 
of the bucket elevator, the required 
downspouting length to each bin is 
determined. The designer has the 
option of downspouting directly to 
bins located in Areas 5 and 6, or to 
augers across from bins or supporting 
structures in Areas 2 and 3. The 
diameter of the downspouting is 
calculated from the bucket elevator 
capacity (McKenzie et al. 1968). 
Unloading Auger Requirements 
(Fig. 14) 
The designer specifies the capacity 
of each unloading auger. Although the 
bin unloading auger sizes are re-
******************************************************************** 
IF UNLOAOING AUGERS ARE TO BE USED, 
CONSULT THE TABLE BELOW FOR DESIGN DETAILS.** 
EACH UNLOADING AUGER IS A 6 IN. TUBE. 
BIN AREA 
LOCATION 
LOCATION 
INDEX* 
FIRST STAGE 
TO BIN *** 
5 
AUGER 
CAPACITY 
ICOO.O 
1000.0 
1000.0 
1000.0 
2200.0 
1000.0 
1000.0 
AUGER 
LENGTH 
22.6 
22.6 
30.4 
21.9 
21.9 
AUGER 
HORSEPOWER 
1.3 
1.3 
1.7 
5.9 
1.2 
1.2 
AUGER 
RPM 
364.0 
364.0 
364.0 
364.0 
234.8 
364.0 
364.0 
A ONE INDICATES THAT AN UNLOADING AUGER WILL BE BUILT TO 
THIS POINT WHILE A ZERO HAS THE OPPOSITE MEANING. 
THE FIRST STAGE AUGER TO 5,6 WILL ALLOW 
FOR SIMULTANEOUS UNLOADING OF THESE BINS. 
** THE FIRST STAGE AUGER IS AN 8-INCH U-TROUGH. 
THE EFFICIENCY OF THE UNLOADING AUGERS IS ASSUMED TO BE 90. PERCENT 
ASSUMING A SURGE FACTOR OF 10. PERCENT. 
13 Downspouting requirements. 
stricted to 6 in. tubes, a choice must 
be made between a 6 in. tube and 8 in. 
U-trough for the diameter of the first 
stage auger servicing bins in Areas 5 
and 6. The designer must also decide 
whether he wishes sufficient capacity 
for the first stage auger to allow 
simultaneous unloading of these bins. 
From information previously calcu-
lated, each unloading auger length, 
horsepower, and RPM is determined. 
Roof (Overhead) Augers (Fig. 15) 
If bins are to be built in Areas 5 and 
6, the designer must choose between 
downspouting directly and augering 
across from a bin or structure located 
in Areas 2 or 3. If he decides on the 
latter, he must select either a 6 in. 
tube or 8 in. U-trough auger and 
specify its capacity. From the coordi-
nates of the bin's centers and other 
input data, auger length, horsepower 
and RPM are calculated. 
Economic Considerations (Figs. 16-21) 
Each item required for the function-
ing of the grain facility is placed in one 
of several categories: BIN, PIT, 
BUCKET ELEVATOR, DRYING 
TECHNIQUE, MISCELLANEOUS 
#*vnrir**#* ******************************************* ******************* 
SHOULD BIN 5 OR 6 BE CONSTRUCTED, OVERHEAD AUGERS WILL HAVE TO BE 
ADDED. CONSULT THE TABLE BELOW FOR OTHER OESIGN INFORMATION. 
AUGER 
LENGTH 
29.0 
29.0 
AUGER 
HORSEPOWER 
6.9 
6.9 
A ONE INDICATES THAT A BIN IS LOCATED IN THAT AREA WHILE A ZERO 
HAS THE OPPOSITE MEANING. 
A 6 REPRESENTS A 6 IN. TUBE TYPE AUGER. AN 8 REPRESENTS 
AN 8 IN. U TROUGH. 
BIN AREA 
LOCATION 
5 
6 
BIN AREA 
LOCATION 
5 
6 
LOCATION 
INDEX* 
1.0 
1.0 
AUGER 
DIAMETER** 
8.0 
8.0 
AUGER 
CAPACITY 
3000.0 
3000.0 
AUGER 
RPM 
327.6 
327.6 
FIG. 14 Unloading auger requirements. FIG. 15 Roof [overhead] augers. 
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************************************************************************ ************************************************************************ 
ITEM 
DESCRIPTION 
1BIN STRUCTURE 
2PERFORATED FLOOR 
3UNL0A0ING AUGER 
4 ELECTRIC MOTOR 
5SWEEP AUGER 
6 ELECTRIC MOTOR 
7AERATION FAN 
8FOUNDATION RING 
9C0NCRETE FOUNDATION 
10AERATION SUB-FLOOR 
11GRAIN SPREADERS 
12HUMIDISTAT 
13THERM0STAT 
^MISCELLANEOUS 
EXPECTED 
LIFE 
(YEARS) 
20. 
20. 
7. 
10. 
10. 
20. 
20. 
20. 
10. 
REPAIR 
(X OF LIST) 
0.05 
0.05 
2.00 
1.00 
2.00 
1.00 
1.00 
0.05 
0.02 
0.05 
1.00 
4.00 
4.00 
5.00 
********************************************* 
ITEM 
DESCRIPTION 
18IN STRUCTURE 
2PERF0RATED FLOOR 
3UNL0ADING AUGER 
4 ELECTRIC MOTOR 
5SWEEP AUGER 
6 ELECTRIC MOTOR 
7AERATI0N FAN 
8F0UNDATI0N RING 
9C0NCRETE FOUNDATION 
10AERATION SUB-FLOOR 
11GRAIN SPREADERS 
12HUMIDISTAT 
13THERM0ST*T 
14MISCELLANE0US 
UNIT PRICE 
BASIS 
BUSHEL 
SQUARE FOOT 
LINEAR FOOT 
HORSEPOWER 
LINEAR FOOT 
HORSEPOWER 
HORSEPOWER 
LINEAR FOOT 
CUBIC YARD 
SQUARE FOOT 
PER EACH 
PER EACH 
PER EACH 
PER EACH 
PRICE PER 
UNIT BASE 
0.47 
2.89 
12.35 
161.58 
11.26 
135.12 
0.0 
0.0 
25.00 
0.0 
372.00 
59.00 
59.00 
653.11 
INTEREST TAXES, 
i%) INSURANCE 
(* OF LIST) 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
************************** 
NUMBER OF APPROXIMATE 
BASE UNITS PRICE OF ITEM 
6733.27 
572.56 
22.64 
1.50 
13.50 
2.00 
0.0 
0.0 
10.60 
0.0 
1.00 
1.00 
1.00 
1.00 
3179.42 
1652.40 
279.63 
242.36 
151.96 
270.25 
0.0 
0.0 
265.07 
0.0 
372.00 
59.00 
59.00 
653.11 
ITEM 
DESCRIPTION 
15PIT STRUCTURE 
16PIT UNLOADING AUGER 
17 ELECTRIC MOTOR 
18PIT MISCELLANEOUS 
EXPECTED 
LIFE 
(YEARS) 
20. 
10. 
10. 
REPAIR 
(t OF LIST) 
0.05 
1.00 
1.00 
INTEREST TAXES, 
(*) INSURANCE 
1% OF LIST) 
10.00 
10.00 
10.00 
10.00 
.00 
.00 
.00 
.00 
************************************************* 
I * * * * * * * * * * * * * * * * * * * * * * 
ITEM 
DESCRIPTION 
UNIT PRICE 
BASIS 
15PIT STRUCTURE BUSHEL 
16PIT UNLOADING AUGER LINEAR FOOT 
17 ELECTRIC MOTOR HORSEPOWER 
18PIT MISCELLANEOUS PER EACH 
PRICE PER 
UNIT BASE 
2.08 
17.21 
108.67 
98.36 
NUMBER OF APPROXIMATE 
BASE UNITS PRICE OF ITEM 
200.00 
14.00 
3.00 
1.00 
416.60 
241.00 
326.02 
98.36 
TOTAL PURCHASE COST CF ITEMS 1081.98 
*********************************************************************** 
ITEM 
DESCRIPTION 
15PIT STRUCTURE 
16PIT UNLOADING AUGER 
17 ELECTRIC MOTOR 
18PIT MISCELLANEOUS 
DEPREC- INTEREST REPAIR 
IATION 
<$/YR.) ($/YR.) (S/YR.) 
TAXES ANNUAL 
INSURANCE FIXEO COST 
(S/YR.) ($/YR.) 
20.83 
24.10 
32.60 
20.83 
12.05 
16.30 3.26 
4.92 
4.17 
2.41 
3.26 
0.98 
46.03 
40.97 
55.42 
20.66 
TOTAL ANNUAL COST OF ITEMS 
FIG. 17 Pit economic information. 
********************** 
NO ITEM 
DESCRIPTION 
1BIN STRUCTURE 
2PERF0RATED FLOOR 
3UNLOA0ING AUGER 
4 ELECTRIC MOTOR 
5SMEEP AUGER 
6 ELECTRIC MOTOR 
7AERATI0N FAN 
8F0UNDATI0N RING 
9C0NCRETE FOUNDATION 
10AERATI0N SUB-FLOOR 
11GRAIN SPREADERS 
12HUMIDISTAT 
13THERM0STAT 
14MISCELLANE0US 
****************** 
DEPREC-
IATION 
(S/YR.) 
158.97 
82.62 
39.95 
24.24 
21.71 
27.02 
0.0 
0.0 
13.25 
0.0 
37.20 
11.80 
11.80 
65.31 
INTEREST 
($/YR.) 
158.97 
82.62 
13.98 
12.12 
7.60 
13.51 
0.0 
0.0 
13.25 
0.0 
18.60 
2.95 
2.95 
32.66 
********* 
REPAIR 
($/YR.) 
1.59 
0.83 
5.59 
2.42 
3.04 
2.70 
0.0 
0.0 
0.05 
0.0 
3.72 
2.36 
2.36 
32.66 
*********** 
TAXES 
INSURANCE 
(S/YR.J 
31.79 
16.52 
2.80 
2.42 
1.52 
2.70 
0.0 
0.0 
2.65 
0.0 
3.72 
0.59 
0.59 
6.53 
TOTAL ANNUAL COST OF ITEMS 
*********** 
ANNUAL 
FIXED COST 
($/YR.) 
351.33 
182.59 
62.32 
41.20 
33.87 
45.94 
0.0 
0.0 
29.21 
0.0 
63.24 
17.70 
17.70 
137.15 
982.25 
************************************************************************ 
FIG. 16 Bin 2 economic information. 
or CONSTRUCTION. The designer 
assigns each item in each category an 
expected life to be used in calculating 
straight line depreciation with no 
salvage value. In addition, annual cost 
coefficients for repair, interest, taxes, 
and insurance are required. 
The estimated price for purchasing 
each item in each category is 
determined from cost arrays or 
equations. Each item's cost was 
derived from the list price of 
representative manufacturers with 
several different manufacturers being 
used in the overall design. The 
designer may choose to utilize price 
multipliers in altering costs. This 
allows him flexibility in pricing 
comparable equipment from different 
manufacturers. 
From within the program, the 
number of base units are determined. 
For BNDZN, a base unit is defined as 
a unit for which prices may be 
estimated or compared. By dividing 
ITEM 
DESCRIPTION 
19HEAD AND BOOT ONLY 
20LEG ASSEMBLY 
21 ELECTRIC MOTOR 
22DISTRIBUTOR 
23CLEANER ATTACHMENT 
24D0WNSP0UTING 
25AUGER TO BINS 5,6 
26 ELECTRIC MOTOR 
270VERHEAD AUGER,BIN5 
28 ELECTRIC MOTOR 
290VERHEAD AUGER,BIN6 
30 ELECTRIC MOTOR 
31MISCELLANE0US 
EXPECTED 
LIFE 
(YEARS) 
20. 
20. 
10. 
20. 
20. 
20. 
10. 
10. 
10. 
10. 
REPAIR 
(* OF LIST) 
0.05 
0.02 
1.00 
0.10 
0.50 
0.02 
1.00 
1.00 
2.00 
1.00 
2.00 
1.00 
5.00 
INTEREST TAXES, 
(*) INSURANCE 
(* OF LIST) 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
************************************************************************ 
ITEM 
DESCRIPTION 
19HEAD AND BOOT ONLY 
20LEG ASSEMBLY 
21 ELECTRIC MOTOR 
22DISTRIBUTOR 
23CLEANER ATTACHMENT 
2400WNSP0UTING 
25AUGER TO BINS 5,6 
26 ELECTRIC MOTOR 
270VERHEAD AUGER,BIN5 
28 ELECTRIC MOTOR 
290VER&EAD AUGER,BIN6 
30 ELECTRIC MOTOR 
31MISCELLANE0US 
UNIT PRICE 
BASIS 
PER EACH 
LINEAR FOOT 
HORSEPOWER 
PER EACH 
PER EACH 
LINEAR FOOT 
LINEAR FOOT 
HORSEPOWER 
LINEAR FOOT 
HORSEPOWER 
LINEAR FOOT 
HORSEPOWER 
PER EACH 
PRICE PER 
UNIT BASE 
3004.00 
41.00 
76.93 
948.00 
1300.00 
6.54 
15.98 
76.93 
16.02 
76.93 
16.02 
76.93 
1220.47 
NUMBER OF APPROXIMATE 
BASE UNITS PRICE OF ITEM 
1.00 
70.78 
7.50 
1.00 
0.0 
249.93 
30.00 
7.50 
29.00 
7.50 
29.00 
7.50 
1.00 
3004.00 
2901.87 
576.98 
948.00 
0.0 
1634.54 
479.40 
576.98 
464.50 
576.98 
464.50 
576.98 
1220.47 
TOTAL PURCHASE COST OF ITEMS 13425.20 
************************************************************************ 
NO ITEM 
DESCRIPTION 
19HEAD ANO BOOT ONLY 
20LEG ASSEMBLY 
21 ELECTRIC MOTOR 
220ISTRIBUTOR 
23CLEANER ATTACHMENT 
24D0WNSP0UTING 
25AUGER TO BINS 5,6 
26 ELECTRIC MOTOR 
270VERHEAD AUGER,BIN5 
28 ELECTRIC MOTOR 
290VERHEAD AUGER,BIN6 
30 ELECTRIC MOTOR 
31MISCELLANE0US 
DEPREC-
IATION 
<S/YR.) 
150.20 
145.09 
57.70 
47.40 
0.0 
81.73 
47.94 
57.70 
66.36 
57.70 
66.36 
57.70 
122.05 
INTEREST 
($/YR.) 
150.20 
145.09 
28.85 
47.40 
0.0 
81.73 
23.97 
28.85 
23.22 
28.85 
23.22 
28.85 
61.02 
REPAIR 
(S/YR.) 
1.50 
0.58 
5.77 
0.95 
0.0 
0.33 
4.79 
5.77 
9.29 
5.77 
9.29 
5.77 
61.02 
TAXES 
INSURANCE 
(S/YR.) 
30.04 
29.02 
5.77 
9.48 
0.0 
16.35 
4.79 
5.77 
4.64 
5.77 
4.64 
5.77 
12.20 
ANNUAL 
FIXED COST 
($/YR.) 
331.94 
319.79 
98.09 
105.23 
0.0 
180.13 
81.50 
98.09 
103.52 
98.09 
103.52 
98.09 
256.30 
TOTAL ANNUAL COST OF ITEMS 1874.26 
FIG. 18 Bucket elevator economic information. 
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************************************************************************ ******************************************************************* 
ITEM 
DESCRIPTION 
32LAYER DRYING FAN 1 
33LAYER ORYING FAN 2 
34LAYER DRYING FAN 3 
35LAYER DRYING FAN 4 
36LAYER DRYING FAN 5 
37LAYER DRYING FAN 6 
38BATCH-IN-BIN DRYER 
39P0RTABLE DRYER 
40MET HOLDING BIN 
41SURGE BIN 
42MISCELLANE0US 
*********************** 
NO ITEM 
DESCRIPTION 
EXPECTED 
LIFE 
(YEARS) 
10. 
10. 
10. 
10. 
10. 
10. 
10. 
10. 
20. 
20. 
10. 
REPAIR 
iX OF LIST) 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
0.50 
0.50 
0.50 
5.00 
INTEREST TAXES, 
(<) INSURANCE 
<* OF LIST) 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
****************************************** 
UNIT PRICE 
BASIS 
PRICE PER 
UNIT BASE 
NUMBER OF APPROXIMATE 
BASE UNITS PRICE OF ITEM 
32LAYER DRYING FAN 1 
33LAYER DRYING FAN 2 
34LAYER DRYING FAN 3 
35LAYER DRYING FAN 4 
36LAYER DRYING FAN 5 
37LAYER DRYING FAN 6 
38BATCH-IN-BIN DRYER 
39P0RTABLE DRYER 
40WET HOLDING BIN 
41SURGE BIN 
42MISCELLANE0US 
HORSEPOWER 
HORSEPOWER 
HORSEPOWER 
HORSEPOWER 
HORSEPOWER 
HORSEPOWER 
HORSEPOWER 
BUSHELS/HOUR 
BUSHEL 
BUSHEL 
PER EACH 
O.i 
0. 
0. 
0. 
0. 
341. 
**** 
0. 
0. 
0. 
683. 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
20.00 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
6839.79 
2 FANS REQUIRED ****** 
0.0 0.0 
0.0 0.0 
0.0 0.0 
1.00 683.98 
*************** 
TOTAL PURCHASE COST OF ITEMS 7523.77 
• • i t * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
NO ITEM 
DESCRIPTION 
32LAYER DRYING FAN I 
33LAYER DRYING FAN 2 
34LAYER DRYING FAN 3 
35LAVER DRYING FAN 4 
36LAYER DRYING FAN 5 
37LAYER ORYING FAN 6 
38BATCH-IN-BIN DRYER 
39P0RTABLE DRYER 
40WET HOLDING BIN 
41SURGE BIN 
42MISCELLANE0US 
DEPREC-
IATION 
($/YR.) 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
683.98 
0.0 
0.0 
0.0 
68.40 
INTEREST 
(S/YR.) 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
341.99 
0.0 
0.0 
0.0 
34.20 
REPAIR 
($/YR.) 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
68.40 
0.0 
0.0 
0.0 
34.20 
TAXES 
INSURANCE 
($/YR.) 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
68.40 
0.0 
0.0 
0.0 
6.84 
ANNUAL 
FIXED COS 
($/YR.) 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
1162.76 
0.0 
0.0 
0.0 
143.64 
TOTAL ANNUAL COST OF ITEMS 1306.40 
FIG. 19 Drying technique economic information. 
the expected purchase price by the 
number of base units, a per unit cost 
comparison is obtained. To illustrate 
this concept, BNDZN may determine 
*************************** 
i * * * * * * * * * 
ITEM 
DESCRIPTION 
48ST0RAGE BINS 
49BUCKET ELEVATOR 
50DOWNSPOUTING 
51MISCELLANEOUS 
****************** 
NO ITEM 
DESCRIPTION 
48ST0RAGE BINS 
49BUCKET ELEVATOR 
50DOWNSPOUTING 
51MISCELLANEOUS 
EXPECTED 
LIFE 
(YEARS) 
20. 
20. 
REPAIR 
<* OF LIST) 
0.0 
0.0 
0.0 
0.0 
******************* 
INTEREST TAXES, 
<%) INSURANCE 
i% OF LIST) 
10.00 
10.00 
10.00 
10.00 
*************************************************** 
UNIT PRICE 
BASIS 
BUSHEL 
LINEAR FOOT 
LINEAR FOOT 
PER EACH 
PRICE PER 
UNIT BASE 
NUMBER OF APPROXIMATE 
BASE UNITS PRICE OF ITEM 
0.10 40399.59 
15.00 70.78 
2.50 249.93 
572.64 1.00 
4039.96 
1061.66 
624.82 
572.64 
TOTAL PURCHASE COST OF ITEMS 6299.08 
*********************************************************************** 
ITEM 
DESCRIPTION 
43CENTER BUILDING 
44 SCALE 
45P0RTABLE AUGER 
46TRUCK HOIST 
47MISCELLANE0US 
EXPECTED 
LIFE 
(YEARS) 
20. 
20. 
7. 
20. 
10. 
REPAIR 
(X OF LIST) 
1.00 
1.00 
4.00 
2.00 
5.00 
INTEREST TAXES, 
IX) INSURANCE 
(X OF LIST) 
10.00 
10.00 
10.00 
10.00 
10.00 
************************************************** 
1.00 
1.00 
1.00 
1.00 
1.00 
************ 
ITEM 
DESCRIPTION 
43CENTER BUILDING 
44SCALE 
45P0RTABLE AUGER 
46TRUCK HOIST 
47MISCELLANE0US 
UNIT PRICE 
BASIS 
SQUARE FOOT 
PER EACH 
PER EACH 
PER EACH 
PER EACH 
PRICE PER 
UNIT BASE 
NUMBER OF APPROXIMATE 
BASE UNITS PRICE OF ITEM 
4.00 
7500.00 
35.84 
2250.00 
1389.51 
660.00 
1.00 
42.00 
1.00 
1.00 
2640.00 
7500.00 
1505.11 
2250.00 
1389.51 
TOTAL PURCHASE COST OF ITEMS 15284.61 
***************************************************** ********** 
NO ITEM 
DESCRIPTION 
43CENTER BUILDING 
44SCALE 
45P0RTABLE AUGER 
46TRUCK HOIST 
47MISCELLANE0US 
DEPREC- INTEREST 
IATION 
($/YR.) ($/YP.) 
TAXES ANNUAL 
INSURANCE FIXED COST 
<$/YR.) ($/YR.) 
132.00 
375.00 
215.02 
112.50 
138.95 
132.00 
375.00 
75.26 
112.50 
69.48 
26.40 
75.00 
60.20 
45.00 
69.48 
26.40 
75.00 
15.05 
22.50 
13.90 
316.80 
900.00 
365.53 
292.50 
291.80 
TOTAL ANNUAL COST OF ITEMS 2166.62 
FIG. 20 Miscellaneous economic information. 
that the price of a particular bin 
structure is $3000 with the number of 
base units for this particular item 
being 10,000 bu. The price per unit 
base is then 30<zf/bu, a typical 
approach used in comparing bin 
structures. Similarly, the base units 
commonly used in comparing augers 
and motors are linear feet and 
horsepower, respectively. 
************************************************************************ 
HOURS HP HP-HR BTU/HR KW-HR COST/ TOTAL 
USED EQUIVALENT KW-HR COST 
************************************************************************ BIN 1 
UNLOADING AUGER 
SWEEP AUGER 
AERATION FAN 
PIT 
UNLOADING AUGER 
BUCKET ELEVATOR 
BUCKET ELEVATOR 
AUGER TO BIN 5, 6 
OVERHEAD AUGER,BIN5 
OVERHEAD AUGER,BIN6 
TOTALS 
DRYING TECHNIQUE 
LAYER DRYING FAN 
LAYER DRYING FAN 
LAYER DRYING FAN 
LAYER DRYING FAN 
LAYER DRYING FAN 
LAYER DRYING FAN 
1.7 
1.9 
0.0 
12. 
2. 
0. 
14. 
29.6E 03 
48.9E 02 
0.0 
12.IE 04 
12.IE 04 
35. 
35. 
0.02 
0.02 
0.02 
0.17 
0.03 
0.0 
0.71 
0.71 
6 
5 
6 
6 
5 
9 
9 
9 
209. 
36. 
16. 
16. 
277. 
53. 3E 
92.3E 
39.7E 
39.7E 
70.5E 
04 
03 
03 
03 
04 
156. 
27. 
12. 
12. 
206. 
0.02 
0.02 
0.02 
0.02 
3 
0 
0 
0 
4 
12 
54 
23 
23 
13 
NO ITEM 
DESCRIPTION 
48ST0RAGE BINS 
49BUCKET ELEVATOR 
5000WNSP0UTING 
51MISCELLANE0US 
DEPREC-
IATION 
($/YR.) 
202.00 
53.08 
31.24 
28.63 
INTEREST 
($/YR.) 
202.00 
53.08 
31. 24 
28.63 
REPAIR 
($/YP.) 
0.0 
0.0 
0.0 
0.0 
TAXES 
INSURANCE 
($/YP.) 
40.40 
10.62 
6.25 
5.73 
TOTAL ANNUAL COST OF ITEMS 
ANNUAL 
FIXED COST 
($/YR.) 
444.40 
116.78 
68.73 
62.99 
692.90 
BATCH-IN-BIN D 
PORTABLE DRYER 
TOTALS 
MISCELLANEOUS 
PORTABLE AUGER 
MISCELLANEOUS 
TOTALS 
242. 
242. 
242. 
242. 
242. 
242. 
0. 
0. 
38.1 
38 
38 
38 
38 
38 
1 
1 
1 
1 
1 
0.0 
0 0 
9241. 
9241. 
9241. 
9241. 
9241. 
9241. 
0. 
0. 
55446. 
23.5E 
23.5E 
23.5E 
23.5E 
23.5E 
23.5E 
0.0 
0.0 
14.IE 
06 6891. 
06 6891. 
06 6891. 
06 6891. 
06 6891. 
06 6891. 
0. 
0. 
0741346. 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
137.82 
137.82 
137.82 
137.82 
137.82 
137.82 
0.0 
0.0 
826.92 
0.0 0. 0.0 0. 
5.0 5000. 12.7E 06 3728. 
12.7E 06 3728. 
0.0 
74.57 
FIG. 21 Construction economic information. FIG. 22 Electricity. 
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LAYER DRYING FAN 1 
LAYER DRYING FAN 2 
LAYER DRYING FAN 3 
LAYER DRYING FAN 4 
LAYER DRYING FAN 5 
LAYER DRYING FAN 6 
BATCH-IN-BIN DRYER 
PORTABLE DRYER 
1157. 
1157. 
1157. 
1157. 
1157. 
1157. 
0. 
0. 
COST 
/GAL 
0.30 
0.30 
0.30 
0.30 
0.30 
0.30 
0.30 
0.30 
347.24 
347.24 
347.24 
347.24 
347.24 
347.24 
0.0 
0.0 
NATURAL GAS 
COST/ 
1000 
105618 
105618 
105618 
105618 
105618 
105618 
0 
0 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
105.62 
105.62 
105.62 
105.62 
105.62 
105.62 
0.0 
0.0 
TOTAL PURCHASE COST $ 124491.00 
************************************************ 
ANNUAL COST 
FIXED COST 
OPERATING COST 
ELECTRICITY 
FUEL - LP GAS 
TOTAL 
$ 18659.54 
907.35 
2083.42 
$ 21650.31 
2083.42 633707. 
************************************************ 
FIG. 23 Fuel. 
After the estimated purchase price 
for each item in each category is 
determined, the total purchase price 
for the category is calculated. This 
figure allows comparison of categories 
as well as that of individual items. 
From input data and the estimated 
purchase price, values for deprecia-
tion, interest, repair, taxes, and 
insurance are summed for each item 
and then for the entire category, thus 
giving the total annual cost for 
individual items and groups of items. 
Energy Requirements (Figs. 22-23) 
By storing data concerning horse-
power requirements and by estimating 
the hours of use, the electrical expense 
is determined for each of the 
categories mentioned previously. The 
cost of electricity is an input, thereby 
allowing modification of the program 
to local conditions. 
The amount of fuel is estimated by 
heater capacities, hours of operation, 
and dryer efficiencies. The designer 
specifies the cost per unit of fuel. 
Output includes the quantity and cost 
of fuel for both LP Gas and Natural 
Gas systems. 
Totals for Economic Considerations 
(Fig. 24) 
This section of BNDZN summarizes 
the economic information collected by 
the program. The purchase price for 
the entire facility is given. In addition, 
the yearly fixed and operating cost for 
both LP Gas and Natural Gas systems 
ANNUAL COST 
FIXED COST 
OPERATING COST 
ELECTRICITY 
FUEL - NAT GAS 
TOTAL 
$ 
$ 
18659.54 
907.35 
633.71 
20200.59 
FIG. 24 Totals for economic considerations. 
are specified. This section of BNDZN 
provides a quick source of information 
for the comparison of various storage 
and drying facilities. 
Verification 
BNDZN is constantly being updated 
with regard to cost and design 
information. The model has been 
verified to the extent that is calculates 
distances and volumes correctly, and 
that it reflects the list prices as placed 
into the program. Actual grain 
facilities and those generated by 
BNDZN have compared favorably 
with regard to cost and design. 
However, because BNDZN is a design 
simulation, it can only reflect the 
design strategy and cost information 
given to it, and can make no 
judgement as to the desirability of a 
particular design. 
SUMMARY 
BNDZN provides a detailed engi-
neering and economic analysis of an 
individualized grain facility design. 
Price inputs and the choice of values 
for design parameters may be entered 
to reflect a particular manufacturer or 
engineer, thus allowing the designer, 
be he layman or professional, to 
concentrate on the facility specifi-
cations rather than numerical 
computations. Various layouts and 
drying techniques may be readily 
compared with multiple runs of the 
program. In conclusion, BNDZN 
represents the application of the 
"systems approach" to facility design 
in that the total spectrum of engineer-
ing and economic analysis is con-
sidered. 
For additional information con-
cerning the availability of the 
program, contact the authors. 
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